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RESEARCH TECHNICAL REPORTING
Ginette Serrero, Ph.D. Principal Investigator

INTRODUCTION:
The goal of this proposal is to examine if the expression in human breast cancer biopsies
of a novel growth factor, characterized in our laboratory, can be used as an early
prognostic factor for estrogen-independence. The critical phase in the diagnosis and
therapy of breast cancer is to determine whether a tumor is estrogen responsive or has
progressed to estrogen-independence and tamoxifen-resistance. This analysis is important
since it will determine if a tumor will be responsive or not to anti-estrogen therapy.
Measuring estrogen receptor (ER) and progesterone receptor (PR) expression in the
tumor biopsies is done for this purpose. We have cloned a novel tumorigenic growth
factor called PC-Cell Derived Growth Factor (PCDGF, granulin precursor) (1) expressed
in human breast carcinoma. In ER÷ cells, PCDGF expression is stimulated by estradiol
and inhibited by tamoxifen (2). In ER+ cells, PCDGF mediated estrogen mitogenic
activity and overexpression of PCDGF rendered the ER÷ cells estrogen-independent for
growth and tamoxifen-resistant (4) while they remained positive for ER and PR. In ER-
cells, PCDGF is overexpressed. Inhibition of PCDGF expression in ER- cells led to a
90% inhibition of tumor incidence and growth (3). These results indicated the role of
PCDGF in the tumorigenicity of breast carcinoma and identified it as a molecular target
of estrogen-independence and tamoxifen resistance that precedes changes in the ER/PR
status of the tumors. To test this hypothesis, we have proposed in this concept award to
examine the level of expression of PCDGF in paraffin embed breast cancer biopsies and
correlate it with clinical parameters as well as with the expression of known prognostic
markers of breast cancer.

BODY:
This annual report concerns the studies carried out under a one year Concept Award.
The studies supported by this Concept Award have focused on investigating the
expression of PCDGF in human breast cancer biopsies to determine whether increase of
PCDGF expression correlates with advanced stages of the disease and examine whether
PCDGF can be used as a prognostic biomarker for the disease. The approved statement of
work and experimental protocol consisted of examining PCDGF expression in paraffin
embedded breast tumor biopsies by immunohistochemistry using an anti-PCDGF
antibody developed in our laboratory. Even though our original proposal was to limit our
study to examining 30 samples, we have extended our studies to 206 archival samples
obtained from the surgical pathology archives of the UM Cancer Center and from the
Brest Cancer Tumor Bank from the University of Manitoba in Canada. These samples
were provided with clinical parameters such as tumor type and grade and lymph node
status. Analysis of the staining and pathological interpretation of the data was carried out
in collaboration with 0. Ioffe, MD, Breast Pathologist. In addition to measuring PCDGF
expression, we also measured expression of estrogen receptor (ER) and progesterone
receptor (PR) for the samples for which this information was not provided (UMCC
archive biopsies) as well as measuring other markers known that their prognostic value
such as p53, erbB2 and the proliferation index Ki67.
The results of the study are summarized below.
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The study on the 206 human breast lesions has shown that PCDGF staining is observed in
breast carcinoma whereas it is negative in benign breast epithelium (table 1).

Table 1. Results of PCDGF immunostaining in breast biopsy samples

Diagnosis # of cases PCDGF staining

Negative Weak (1+) Moderate/Strong

(2+/3+)

Benign 26 25 (96%) 1 (4%) 0

DCIS 27 9 (33%) 8 (30%) 10 (37%)

LCIS 12 11(92%) 1(8%) 0

IDC 124 25 (20.2%) 48 (38.8%) 51(41%)

ILC 17 8 (47%) 6 (35%). 3 (18%)

IDC - invasive ductal carcinoma, ILC - invasive lobular carcinoma, DCIS - ductal
carcinoma in situ, LCIS - lobular carcinoma in situ. The differences in PCDGF
expression between benign/LCIS, and intraductal/invasive carcinomas are statistically
significant (p<0.05).

Analysis of various types of breast cancer (tablel) indicated that PCDGF was
predominantly expressed in invasive ductal carcinoma rather than in invasive lobular
carcinoma. 80% of invasive ductal carcinomas were positive for PCDGF with 41% of
cases staining with at least 2+ intensity. In contrast, 47% of invasive lobular carcinomas
were negative for PCDGF, and only 18% of positive tumors showed at least 2+
reactivity. No PCDGF staining was observed in lobular carcinoma in situ. Ductal
carcinoma in situ expressed PCDGF in 66% of the cases, and this expression correlated
strongly with the nuclear grade of DCIS. Similar correlation was observed between the
degree of PCDGF expression and histological grade of invasive ductal carcinoma.
Correlation studies were carried out in invasive cancers between PCDGF staining
intensity and c-erbB-2, estrogen (ER), progesterone (PR) and p53 expression, and the
proliferation rate expressed by Ki-67 index. The latter index was proportional to the
degree of PCDGF expression in the tumor cells, with the average Ki-67 index of
PCDGF-negative/weakly positive tumors (30.3) significantly lower than that of strongly
PCDGF-positive carcinomas (48.8, p<0.05). PCDGF was expressed in both ER/PR-
positive and negative tumors. However, PCDGF expression was significantly higher in
ER/PR-negative tumors. Concerning the correlation with p53, a larger percentage of
tumors that expressed PCDGF with a staining intensity of 2+ or 3+ were p53-positive
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(44%) than PCDGF-negative tumors (25%), p<0.05. Interestingly, PCDGF expression in
IDC was independent of c-erbB-2 overexpression. 58.5% of tumors that stained for
PCDGF with 2+ or 3+ intensity were c-erbB-2-negative. These studies provide the first
direct evidence of high incidence of PCDGF expression in human breast cancer in which
it correlates with clinico-pathological variables such as tumor type, tumor grade, steroid
receptor status, proliferation index (determined by measuring Ki67 index) and p53
expression. These characteristics as well as the absence of expression in benign breast
tissue suggest an important role of PCDGF in breast cancer pathogenesis and make it a
potential novel target for the treatment of breast cancer. Details of these studies are found
in the appendix in the manuscript entitled "Expression of PC-Cell Derived Growth
Factor (PCDGF) in benign and malignant human breast epithelium by Ginette Serrero
and Olga Joffe (submitted for publication).

The difficulty encountered in conducting this study has been the time spent in locating
tumor banks able to provide large numbers of samples outside of the University of
Maryland. This is a problem experienced by many investigators engaged in biomarker
research. This problem was identified and discussed on many occasions at the latest Era
of Hope in the interactive sessions and town meeting. Support for nationwide-shared
resources for this type of studies will be welcome by the cancer research community.

Studies are on-going now to correlate PCDGF expression in invasive breast carcinomas
with metastasis and with response to therapy.

KEY RESEARCH ACCOMPLISHMENTS:
1. Develop an anti human PCDGF antibody that can be used for

immunohistochemistry in paraffin embedded sections.
2. Develop and optimized staining conditions for IHC determination of PCDGF

expression using anti-PCDGF antibody.
3. Secured and collected 206 samples for our study using two tumor Banks one for

the University of Maryland Cancer Center and from the Manitoba Breast Cancer
tumor Bank. For both sets of samples, PI obtained clinical parameters for future
correlation studies. 5 slides were obtained for each case in order to carry out
staining for PCDGF, ER/PR, erbB2, p53 and ki 67.

4. Performed and scored PCDGF staining of the 206 samples
5. Read and scored all the slides for each marker with Dr. Olga Ioffe Breast

Pathologist at the University of Maryland Cancer Center.
6. Prepared a database of the results and carry out correlation studies of PCDGF

expression for each marker and with clinical parameters.
7. Carry out statistical analysis of the data.
8. Prepared and submitted a manuscript describing the studies and the results

obtained.
9. On-going: Investigate the relationship between PCDGF overexpression and

acquisition of tamoxifen resistance in human breast cancer cell lines.
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REPORTABLE OUTCOMES:
Manuscript submitted:
Serrero, G and Ioffe, O.B. (2002) Expression of PC-Cell Derived Growth Factor
(PCDGF) in benign and malignant human breast epithelium. Submitted

Abstracts and presentations:
1. Abstract for poster presentation

AACR Annual Meeting San Francisco CA, April 6-10 2002
Tangkeangsirisin, W, Chen X, Dai, H and Serrero, G (2002) Role of PC-Cell Derived
Growth Factor in the alteration of estrogen responsiveness and in the acquisition of anti-
estrogen resistance in human breast cancer.
This abstract was selected for a Scholar-in-Training Award presented to Wisit
Tankeangsirisin graduate student that presented his work at the Annual Meeting of
AACR in San Francisco April 2002.

2. Abstract for invited oral presentation
Susan G. Komen Mission conference. June 2002 Washington DC
Ginette Serrero, Identification of a Novel Therapeutic Target for Human Breast Cancer

3. Abstract for invited poster presentation
Era of Hope DOD Conference Orlando FL September 2002
Serrero, G and Ioffe 0. (2002) IHC study of a novel molecular marker of infiltrating
ductal carcinoma.

CONCLUSION:
Our studies with human breast cancer cell lines have indicated the biological

importance of PCDGF in breast cancer tumorigenesis (Lu and Serrero, 2000;2001),
thereby warranting the investigation of its expression in archived pathological samples.
This is the first report describing the expression of PCDGF in human breast tissue. We
have shown that PCDGF is not expressed in benign breast epithelium. PCDGF
expression was not seen in lobular carcinoma in situ, whereas the majority of invasive
lobular carcinoma cases (82%) were either negative or weakly positive. PCDGF
expression was found in most cases of in situ and invasive ductal carcinoma. PCDGF was
expressed in 80% of IDC with a staining of 2+ or greater in 41% of the cases. In
malignant ductal lesions, the degree of PCDGF staining correlated with the histologic
grade in DCIS and IDC and with the proliferation (Ki-67) index. We have shown here
that PCDGF expression correlates with estrogen and progesterone receptor status in
invasive carcinomas, with ER+/PR+ cases having lower PCDGF expression than ER/PR-
tumors. Our study showed that PCDGF expression correlates with p53 immunoreactivity,
which is an accepted indicator of the presence of p53 mutation. p53 positivity has been
shown to be associated with poor outcome, especially in lymph node-negative breast
cancer (18, 19), and it is an independent prognostic marker. In summary, our studies
provide the first direct evidence of high incidence of PCDGF expression in human breast
cancer, in which it correlates with such clinicopathological variables as tumor grade,
proliferation index, steroid receptor expression and p53 expression. These characteristics,
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along with the lack of expression in benign epithelium, and considering our previous
studies in breast cancer cell lines suggest the important role of PCDGF in breast cancer
and make it a potential target for the development of novel therapy for the treatment of
breast cancer. We are also investigating whether PCDGF expression in pathological
samples can be used as a predictor to response to therapy thereby making it an important
and novel biomarker for breast cancer diagnosis.

REFERENCES.
Zhou, J., Gao, G., Crabb, JW. and Serrero, G (1993) Purification of an autocrine growth
factor homologous to mouse epithelin precursor from a highly tumorigenic teratoma-
derived cell line. J. Biol. Chem. 268:10863-10869

Lu, R and Serrero, G. (1999) Stimulation of PC cell derived growth factor expression by
estradiol in human breast carcinoma cell line MCF-7. Biochem Biophys Res. Commun.
256, 204-207.

Lu, R and Serrero, G (2000) Inhibition of PC-cell derived growth factor expression
inhibits tumorigenicity of the human breast carcinoma cell line MDA-MB-468 cells.
Proc. Natl. Acad. Sci USA. In press.

Lu, R and Serrero, G. (2001) Mediation of estrogen mitogenic activity by PC-Cell

derived growth factor in human breast cancer cells. Submitted to publication.

APPENDIX:

Manuscript "Expression of PC-Cell Derived Growth Factor (PCDGF) in benign and
malignant human breast epithelium by Ginette Serrero and Olga Joffe (submitted for
publication).
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ABSTRACT

PC cell derived growth factor (PCDGF, also known as progranulin) is a novel

autocrine growth factor shown to be overexpressed and to be mitogenic in human breast

cancer cell lines. Inhibition of PCDGF expression in human breast carcinoma was

associated with inhibition of tumorigenesis in vivo. In the present study, we have

examined PCDGF expression by immunohistochemistry in paraffin embedded human

breast tissue and investigated its association with clinicopathological variables. The study

included 206 human breast lesions and has shown that PCDGF staining is observed in

breast carcinoma whereas it is negative in benign breast epithelium. Analysis of various

types of breast cancer indicated that PCDGF was predominantly expressed in invasive

ductal carcinoma rather than in invasive lobular carcinoma. 80% of invasive ductal

carcinomas were positive for PCDGF with 41% of cases staining with at least 2+

intensity. In contrast, 47% of invasive lobular carcinomas were negative for PCDGF, and

only 18% of positive tumors showed at least 2+ reactivity. No PCDGF staining was

observed in lobular carcinoma in situ. Ductal carcinoma in situ expressed PCDGF in 66%

of the cases, and this expression correlated strongly with the nuclear grade of DCIS.

Similar correlation was observed between the degree of PCDGF expression and

histologic grade of invasive ductal carcinoma. Correlation studies were carried out in

invasive cancers between PCDGF staining intensity and c-erbB-2, estrogen (ER),

progesterone (PR) and p53 expression, and the proliferation rate expressed by Ki-67

index. The latter index was proportional to the degree of PCDGF expression in the tumor

cells, with the average Ki-67 index of PCDGF-negative/weakly positive tumors (30.3)

significantly lower than that of strongly PCDGF-positive carcinomas (48.8, p<0.05).
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PCDGF was expressed in both ER/PR-positive and negative tumors. However, PCDGF

expression was significantly higher in ER/PR-negative tumors. Concerning the

correlation with p53, a larger percentage of tumors that expressed PCDGF with a staining

intensity of 2+ or 3+ were p53-positive (44%) than PCDGF-negative tumors (25%),

p<0.05. Interestingly, PCDGF expression in IDC was independent of c-erbB-2

overexpression. 58.5% of tumors that stained for PCDGF with 2+ or 3+ intensity were c-

erbB-2-negative.

Our studies provide the first direct evidence of high incidence of PCDGF

expression in human breast cancer in which it correlates with clinicopathological

variables such as tumor grade, steroid receptor status, proliferation index and p53

expression. These characteristics as well as the absence of expression in benign breast

tissue suggest an important role of PCDGF in breast cancer pathogenesis and make it a

potential novel target for the treatment of breast cancer.
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INTRODUCTION

PC cell derived growth factor (PCDGF) is an 88-kDa glycoprotein originally

purified from the highly tumorigenic mouse teratoma-derived cell line PC (1, 2). PCDGF

(also known as progranulin) is the largest member of a novel family of cysteine-rich

polypeptides that include the 6 kDa epithelins or granulins shown to either promote or

inhibit cell growth depending on the cell type tested (3, 4). Our laboratory was the first to

demonstrate the biological activity of PCDGF as a growth promoter for the tumorigenic

teratoma PC cells (2). Others later demonstrated growth-promoting activity of the

precursor for other mesenchymal and epithelial cells as well as for pre-implantation

embryos (5-7).

Screening of human tumor cell lines for PCDGF expression indicated that it was

highly expressed in estrogen receptor-negative (ER) human breast carcinomas whereas it

was barely detectable in the non-tumorigenic immortalized mammary epithelial cells (8).

Inhibition of PCDGF expression by antisense PCDGF cDNA transfection in ER7 human

breast carcinoma resulted in a dramatic reduction (more than 98%) in tumor incidence

and tumor size when injected in nude mice (8), implicating PCDGF as a major factor in

the maintenance of tumor phenotype. In ER-positive (ERW) cells such as MCF-7 and

T47D, PCDGF expression was transcriptionally stimulated by 17-1 estradiol (E2) and

inhibited by the anti-estrogen tamoxifen (9). Recently, we demonstrated that PCDGF

mediated E2 mitogenic effect in ERW breast cancer cells (10). Importantly,

overexpression of PCDGF in MCF-7 cells rendered the cells able to proliferate in the

absence of estrogen although estrogen receptor expression of the cells remained

unchanged (10). These various studies pointed out that PCDGF was important for the
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proliferation of breast cancer cells and that increase of PCDGF expression played a major

role in the maintenance of the breast cancer phenotype. Based on these observations, the

present study was carried out to investigate PCDGF expression in human breast cancer.

PCDGF expression was determined by immunohistochemical staining using an anti-

human PCDGF antibody in formalin-fixed, paraffin-embedded benign and malignant

human breast tissue. In addition, PCDGF expression was also examined in association

with clinicopathological variables such as the histologic grade and type, expression of

estrogen and progesterone receptors (ER/PR) as well as other markers such as

proliferation rate (Ki67 index), p53 and c-erbB-2, known for their prognostic value in

breast cancer.

Ki-67 (MIB-1) is a protein vital to cell proliferation (11); it is a nuclear antigen

expressed in all phases of the cell cycle except in GI or Go phase (12), and is recognized

by the antibody MIB-1 in paraffin-embedded archival tissue. High Ki-67 index has been

shown to correlate with shortened disease-free survival in breast cancer on multivariate

analysis (13), and with shortened overall and disease-free survival (14).

c-erbB-2 (HER2/neu) is an oncogene that encodes a 185-kDa ligandless receptor

tyrosine kinase belonging to the epidermal growth factor receptor superfamily. Its

overexpression (seen in 20-30% of breast cancers) has been linked to poor outcome,

especially in node-positive patients (15), whereas its effect on prognosis in node-negative

disease has remained controversial (reviewed in (16, 17)).

p53 is a tumor suppressor gene involved in cell cycle arrest. In breast cancer, it

detects high-risk patients, especially if they are node-negative. p53 mutations, which can
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be identified immunohistochemically, are linked to poor prognosis, high histologic grade

and proliferation rate, aneuploidy and steroid receptor negativity (18, 19).

MATERIAL AND METHODS

Tissue samples.

Two hundred and six nonconsecutive archival formalin-fixed, paraffin-embedded

human breast tissue samples from 152 patients were obtained from the University of

Maryland Department of Pathology files and from the NCIC-Manitoba Breast Cancer

Tumor Bank of the University of Manitoba, Winnipeg Canada (kindly provided by Dr.

Peter Watson). The cases examined included 27 ductal carcinoma in situ (DCIS), 12

lobular carcinoma in situ (LCIS), 124 invasive ductal carcinoma (IDC), 17 invasive

lobular carcinoma (ILC), and 26 benign breast tissue. The DCIS cases were graded

according to nuclear grade. The Elston (Nottingham) grading system (20) was used for

the determination of histologic grade of IDC. Steroid hormone receptor status was

available for most of invasive carcinoma cases.

Immunohistochemistry

Four-micrometer sections were cut from a representative paraffin block in each

case; these sections were immunostained using a standard peroxidase-conjugated

streptavidin biotin method. The tissue sections were dewaxed and then rehydrated.

Antigen retrieval was performed using DAKO target retrieval solution (DAKO

corporation, Carpenteria, CA). Immunostaining was performed using Ventana autostainer
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(Ventana, Tucson, AZ). The slides were counterstained with hematoxylin. Appropriate

positive and negative controls were included in each run.

Detection of PCDGF by immunohistochemistry

PCDGF was detected in tissue sections by immunostaining using an

immunoaffinity purified anti-human PCDGF antibody (1 jtg/ml). Purity and specificity of

the antibody had been previously determined by SDS-PAGE and western blot analysis.

On western blot analysis of cell lysates, this antibody recognized a single 88 kDa band

that could be competed by pre-incubation of the antibody with excess antigen as

described previously (10). PCDGF expression was semiquantitatively categorized as

follows: <5% of cells staining - negative, >5% of cells staining - positive; positive

staining was graded from weak/focal (1+) to moderate/focal or diffuse (2+) to

strong/diffuse (3+).

Detection of Ki-67, p53 and c-erbB2

The proliferation rate was measured by determining the Ki-67 index. Detection

of Ki67 was carried out by immunostaining using MIB-1 antibody (DAKO corporation,

Carpenteria, CA). Ki67 index was expressed as the percentage of positively staining

nuclei per 1000 cells counted. Immunostaining for p53 was performed by using an anti-

p53 antibody from BioGenex Laboratories (San Ramon, CA). Expression of p53 was

categorized as follows: <5% of nuclei staining - negative; >5% of nuclei staining -

positive. c-erbB-2 immunostaining was performed using anti-c-erbB-2 antibody (DAKO

corporation, Carpenteria, CA). c-erbB-2 expression was assessed by the presence and

7



intensity of the cell membrane staining as follows: <10% staining - negative; >10% cells

staining - positive; positive staining was graded from focal, weak, discontinuous

membrane staining (1+) to focal moderate continuous membrane reactivity (2+), to

homogeneous strong and continuous membrane positivity (3+).

Statistical analysis of the data

Statistical analysis of the data was performed using the ANOVA method, F-test

for variances, regression test and chi-square test.

RESULTS

Histopathologic composition of the cases included in the study

The cases examined included 27 ductal carcinoma in situ (DCIS), 12 lobular

carcinoma in situ (LCIS), 124 invasive ductal carcinoma (IDC), 17 invasive lobular

carcinoma (ILC), and 26 benign breast tissue. The composition, histologic grade and

type of the cases examined in this study are shown in Table 1.

PCDGF expression in human breast tissue and its association with histologic type

PCDGF expression was observed in 128 of all 206 cases examined (62%) (Table

2). Most benign breast epithelium was negative for PCDGF (25 out of 26 cases, or 96%),

as were most LCIS cases (11 of 12, or 92%). However, the majority of malignant non-

invasive and invasive ductal lesions showed PCDGF expression. Eighteen of the 27

DCIS (67%) and even a higher proportion of IDC, 99 of 124 (79.8%), expressed PCDGF.

ILC expressed PCDGF in about half of the cases - 9 of 17 (53%). There was a striking
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difference in the degree of PCDGF expression between invasive ductal and lobular

carcinomas. While 51 of 124 (41%) cases of IDC showed moderate or strong PCDGF

reactivity (2+ or 3+), only 3 of 17 (18%) ILC were moderately or strongly positive

(p<0.05, chi-square test). Overall, the differences in PCDGF staining between benign

tissue/LCIS, ILC and malignant ductal lesions were statistically significant (p<0.05).

Figure IA shows strong (3+) PCDGF staining in IDC. The staining was confined to the

tumor cell cytoplasm; the character of staining was coarsely to finely granular. Note a

PCDGF-negative benign duct surrounded by infiltrating carcinoma. The typical absence

of PCDGF expression in in situ and invasive lobular carcinomas is shown in Figures 1B

and IC.

PCDGF expression and histologic grade of ductal carcinoma

As shown in Tables 3 and 4, PCDGF expression showed a strong correlation with

the histologic grade of both in situ and invasive ductal carcinomas. While the majority of

low nuclear grade DCIS were negative for PCDGF (9 of 16, or 56%) and all the

remaining cases were weakly (1+) positive, all DCIS of intermediate nuclear grade (3 of

3, or 100%) and most high-grade DCIS (7 of 8, or 87.5%) showed moderate/high PCDGF

positivity (Fig. ID). It is important to note that all DCIS of intermediate or high nuclear

grade were positive for PCDGF. The difference in PCDGF expression between low and

intermediate/high grade DCIS was statistically significant (p<0.05).

A similar pattern of PCDGF distribution in relation to histologic grade was seen

in IDC. All grade 1 tumors were either negative or weakly positive for PCDGF: 20 of 36

(55.5%) were negative, and the remaining 16 of 36 (44.5%) weakly positive. In contrast,
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almost half of grade 2 tumors showed moderate to strong PCDGF reactivity (19 of 40, or

47.5%), and only 5 (12.%) IDC of grade 2 were negative. Moreover, none of the 48 grade

3 carcinomas lacked PCDGF expression, and two-thirds (32 of 48, or 67%) showed

moderate to strong immunoreactivity for PCDGF. The differences in PCDGF staining

between IDC tumors of all three histologic grades were statistically significant (p<0.05).

PCDGF expression and proliferation rate of invasive carcinomas

The proliferative rate as expressed by Ki-67 index showed a significant

correlation with PCDGF expression in all invasive carcinomas (Figure 2). The average

Ki-67 index of PCDGF-negative carcinomas was 30.3. The Ki-67 index was 32.7 in

weakly positive tumors, 34.8 in cancers that were moderately (2+) PCDGF-positive and

48.8 in strongly (3+) PCDGF-positive tumors. The Ki-67 index of the tumors that were

either negative or weakly positive was significantly lower than that of the

moderately/strongly PCDGF-positive carcinomas, p=0.01.

Correlation of PCDGF expression and ER/PR status

Of 141 invasive carcinomas for which the ER and PR status was available, 57

(40.4 %) were positive for both ER and PR. Forty tumors (28.4%) were positive for ER

and negative for PR, and 44 (31.2%) were negative for both receptors. No cases negative

for ER and positive for PR (ER/PR+) were seen in this study. It has been previously

reported that ER-PR÷ tumors are relatively rare, accounting for only 4% of all breast

cancers (21). The ER/PR status was compared to the PCDGF expression of the same

invasive tumors (Table 5). Of the 86 invasive cancers that were negative or weakly
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positive for PCDGF expression, 42 (48.8%) were positive for ER and PR, compared with

15 of 55 (27.3%) PCDGF-expressing cancers that were ER/PR-positive (p<0.002 ).

Interestingly, the ER÷/PW tumors were similar in their PCDGF expression to the ER/PR-

negative carcinomas, with 21 of 40 (52.5%) ERWiPW cases and 19 of 44 (43.2%) of

ER/PR-negative tumors were moderately to strongly PCDGF-positive.

PCDGF expression and p53 status

Among the 73 cases of invasive carcinomas that were negative or weakly positive

for PCDGF, 55 of 73 (75%) were negative for p53, and 18 of 73 (25%) were p53-

positive. p53 expression was significantly more common in IDC that strongly expressed

PCDGF. Of the 50 PCDGF-expressing (2+/3+) cases, 22 (44%) exhibited p53 reactivity.

Therefore, a larger percentage of tumors that expressed PCDGF with a staining intensity

of +2 or + 3 were p53 positive when compared to PCDGF-negative tumors, p=0.02

(Table 6).

PCDGF expression and e-erbB-2 overexpression

Among the cases of invasive carcinoma that were negative or weakly positive for

PCDGF, 46 of 80 (57.5%) were negative or weakly positive (1+) for c-erbB-2, 25 of 80

(31.3%) were moderately (2+) positive for c-erbB-2, and 19 of 80 cases (23.8%) were

strongly c-erbB-2-positive (3+) (Table 7). Of the cases moderately to strongly expressing

PCDGF (2+/3+), 31 out of 53 (58.5%) did not show immunohistochemical evidence of c-

erbB-2 overexpression (0/1+ c-erbB-2 staining), and 13 of 53 cases (24.5%) had strong c-
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erbB-2 reactivity (3+). These results indicate that there is no correlation between c-erbB-

2 and PCDGF expression in the invasive mammary carcinomas examined.

DISCUSSION

Our studies with human breast cancer cell lines have indicated the biological

importance of PCDGF in breast cancer tumorigenesis (8-10), thereby warranting the

investigation of its expression in archived pathological samples. This is the first report

describing the expression of PCDGF in human breast tissue. We have shown that PCDGF

is not expressed in benign breast epithelium. PCDGF expression was not seen in lobular

carcinoma in situ, whereas the majority of invasive lobular carcinoma cases (82%) were

either negative or weakly positive. PCDGF expression was found in most cases of in situ

and invasive ductal carcinoma. PCDGF was expressed in 80% of IDC with a staining of

2+ or greater in 41% of the cases. Therefore, there appears to be a preferential expression

of PCDGF in ductal rather than lobular lesions. In malignant ductal lesions, the degree of

PCDGF staining correlated with the histologic grade in DCIS and IDC. These data

support the fact that in human breast cancer cell lines, the level of PCDGF expression in

breast carcinoma cell lines appear to be positively correlated to their tumorigenesis (8).

Interestingly, PCDGF staining intensity in invasive carcinomas correlated with the

proliferation (Ki-67) index. Growth fraction determined by Ki67 in breast carcinomas

closely correlates with many others indicators of proliferation, such as S-phase by flow

cytometry, (22) thymidine labeling index (23), BrdU index (24, 25), and mitotic counts

(25). The fact that PCDGF expression correlated with Ki67 index is important since Ki-

67 index is an independent factor of poor prognosis, especially in node-negative patients

12



(14, 24). We have previously shown that PCDGF is a growth stimulator of several breast

cancer cell lines and that inhibition of PCDGF expression by antisense transfection or

action by neutralizing antibodies resulted in inhibition of in vitro cell proliferation and in

vivo tumorigenesis (8, 10). The finding that PCDGF staining in the current study was

significantly associated with Ki-67 index is in agreement with the fact that PCDGF is a

growth stimulatory factor for breast cancer.

The correlation of PCDGF expression with histologic grade most likely stems

from the growth-stimulating properties of PCDGF since it has been shown that the

proliferative rates correlate with histologic grade of invasive and in situ ductal

carcinomas (26-28).

We have shown here that PCDGF expression correlates with estrogen and

progesterone receptor status in invasive carcinomas, with ER+/PR+ cases having lower

PCDGF expression than EW/PW tumors. The fact that PCDGF expression is higher in the

ER+/PR than in ER+/R+ cases and is similar to PCDGF expression in ER'/PR" tumors,

supports the findings by McGuire et al (21), which showed that ERi/PW breast

carcinomas had low response rates to hormonal treatment, akin to ER-/PR- cancers. In

their study, McGuire et al. postulated that PR-negativity might be an indicator of a false-

positive estrogen receptor status. Our findings lend further support to this hypothesis.

It is interesting that both ER/PR status and proliferative rate show correlation with

PCDGF expression. It has been shown that ER/PR-negative tumors tend to have higher

proliferation rates (29). Our data would suggest that PCDGF contributes to the

stimulation of proliferation in steroid receptor-negative tumors to a greater extent than in

receptor-positive cancers.
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Our study showed that PCDGF expression correlates with p53 immunoreactivity,

which is an accepted indicator of the presence of p53 mutation. p53 positivity has been

shown to be associated with poor outcome, especially in lymph node-negative breast

cancer (18, 19), and it is an independent prognostic marker. Interestingly, p53 has been

shown to directly correlate with Ki-67 index, and not with c-erbB-2 status (30), similar to

PCDGF in our study.

Since PCDGF and c-erbB-2 are both implicated in the activation of growth

promoting signaling pathways, the lack of significant association between PCDGF and c-

erbB-2 in the cases studied here is interesting. c-erbB-2 overexpression, often the result

of gene amplification, is associated with increased tumor growth rate, enhanced

metastatic rate and shorter disease-free and overall survival rate (2, 16, 31, 32), although

c-erbB-2 status has not been consistently proven to represent an independent prognostic

indicator (33). The lack of correlation between PCDGF and c-erbB-2 expression is in

agreement with results of our previous studies of human breast cancer cell lines, in which

we have shown that high PCDGF expression could be observed in cells that did not

express c-erbB-2 (MDA-MB-468 cells) as well as in cells reported to express c-erbB-2

such as MDA-MB-453 (10). The fact that PCDGF is overexpressed in IDC that are

negative or weakly positive for c-erbB-2 would suggest that these two growth factor

signaling pathways might be distinct and activated independently from each other. This

possibility is presently investigated in detail in our laboratory.

Co-expression of epidermal growth factor (EGF) receptors and transforming

growth factor alpha (TGF-alpha) has been shown to constitute an adverse prognostic

feature for breast cancer patients (34, 35). Although no correlation was found between
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PCDGF and c-erbB-2 expression, it should be pointed out that 24.5% of the cases

examined were strongly positive for both PCDGF and c-erbB-2. Experiments are

currently underway to investigate the prognostic significance of PCDGF expression

either alone or in combination with c-erbB-2 in breast cancer.

The difference in PCDGF expression in invasive lobular and ductal carcinomas is

of considerable interest. Although the prognosis of IDC and ILC is essentially identical if

matched by stage (36, 37), the proliferation rates of ILC as measured by mitotic index,

Ki-67 index, AgNOR measurement (24, 38) as well as S-phase fraction determination by

flow cytometry (39) have been reported to be significantly lower than those of IDC.

Since we have previously shown that PCDGF is a growth stimulator (8, 10), the relative

lack of PCDGF expression in ILC certainly correlates with the low proliferation rates of

these tumors. LCIS have been reported to have extremely low proliferation rates, (38, 40)

similar to those of benign breast epithelium. These findings would certainly correlate

with the lack of PCDGF expression in both benign breast epithelium and LCIS.

In summary, our studies provide the first direct evidence of high incidence of

PCDGF expression in human breast cancer, in which it correlates with such

clinicopathological variables as tumor grade, proliferation index, steroid receptor

expression and p53 expression. These characteristics, along with the lack of expression in

benign epithelium, and considering our previous studies in breast cancer cell lines

suggest the important role of PCDGF in breast cancer and make it a potential target for

the development of novel therapy for the treatment of breast cancer.

15



Acknowledgements

The authors wish to thank Dr. Peter Watson, Ms. Michelle Parisien and Linda Snell from

the NCIC- Manitoba Breast Tumor Bank funded by the National Cancer Institute of

Canada (Winnipeg Canada) for providing several of the IDC cases examined. This work

was supported in part by grants 9857-AFF and BCTR-2000-356 from the Susan G.

Komen Breast Cancer Foundation, grant DAMD17-01-1-0551 from the Department of

Defense and grant CA 85367 from the National Institutes of Health.

16



REFERENCES

1. Zhou, J., Gao, G., Crabb, J. W., and Serrero, G. Purification of an autocrine

growth factor homologous with mouse epithelin precursor from a highly

tumorigenic cell line. J Biol Chem, 268: 10863-10869, 1993.

2. Zhang, H. and Serrero, G. Inhibition of tumorigenicity of the teratoma PC cell

line by transfection with antisense cDNA for PC cell-derived growth factor

(PCDGF, epithelin/granulin precursor). Proc Natl Acad Sci U S A, 95: 14202-

14207, 1998.

3. Bhandari, V., Palfree, R. G., and Bateman, A. Isolation and sequence of the

granulin precursor cDNA from human bone marrow reveals tandem cysteine-rich

granulin domains. Proc Natl Acad Sci U S A, 89: 1715-1719, 1992.

4. Plowman, G. D., Green, J. M., Neubauer, M. G., Buckley, S. D., McDonald, V.

L., Todaro, G. J., and Shoyab, M. The epithelin precursor encodes two proteins

with opposing activities on epithelial cell growth. J Biol Chem, 267: 13073-

13078, 1992.

5. Xu, S. Q., Tang, D., Chamberlain, S., Pronk, G., Masiarz, F. R., Kaur, S., Prisco,

M., Zanocco-Marani, T., and Baserga, R. The granulin/epithelin precursor

abrogates the requirement for the insulin-like growth factor 1 receptor for growth

in vitro. J Biol Chem, 273: 20078-20083, 1998.

6. He, Z. and Bateman, A. Progranulin gene expression regulates epithelial cell

growth and promotes tumor growth in vivo. Cancer Res, 59: 3222-3229, 1999.

17



7. Diaz-Cueto, L., Stein, P., Jacobs, A., Schultz, R. M., and Gerton, G. L.

Modulation of mouse preimplantation embryo development by acrogranin

(epithelin/granulin precursor). Dev Biol, 217: 406-418, 2000.

8. Lu, R. and Serrero, G. Inhibition of PC cell-derived growth factor (PCDGF,

epithelin/granulin precursor) expression by antisense PCDGF cDNA transfection

inhibits tumorigenicity of the human breast carcinoma cell line MDA-MB-468.

Proc Natl Acad Sci U S A, 97: 3993-3998, 2000.

9. Lu, R. and Serrero, G. Stimulation of PC cell-derived growth factor

(epithelin/granulin precursor) expression by estradiol in human breast cancer

cells. Biochem Biophys Res Commun, 256: 204-207, 1999.

10. Lu, R. and Serrero, G. Mediation of estrogen mitogenic effect in human breast

cancer MCF-7 cells by PC-cell-derived growth factor (PCDGF/granulin

precursor). Proc Natl Acad Sci U S A, 98: 142-147, 2001.

11. Schluter, C., Duchrow, M., Wohlenberg, C., Becker, M. H., Key, G., Flad, H. D.,

and Gerdes, J. The cell proliferation-associated antigen of antibody Ki-67: a very

large, ubiquitous nuclear protein with numerous repeated elements, representing a

new kind of cell cycle-maintaining proteins. J Cell Biol, 123: 513-522, 1993.

12. Linden, M. D., Torres, F. X., Kubus, J., and Zarbo, R. J. Clinical application of

morphologic and immunocytochemical assessments of cell proliferation. Am J

Clin Pathol, 97: S4-13, 1992.

13. Jacquemier, J. D., Penault-Llorca, F. M., Bertucci, F., Sun, Z. Z., Houvenaeghel,

G. F., Geneix, J. A., Puig, B. D., Bardou, V. J., Hassoun, J. A., Birnbaum, D., and

Viens, P. J. Angiogenesis as a prognostic marker in breast carcinoma with

18



conventional adjuvant chemotherapy: a multiparametric and

immunohistochemical analysis. J Pathol, 184: 130-135, 1998.

14. Beck, T., Weller, E. E., Weikel, W., Brumm, C., Wilkens, C., and Knapstein, P.

G. Usefulness of immunohistochemical staining for p53 in the prognosis of breast

carcinomas: correlations with established prognosis parameters and with the

proliferation marker, MIB-1. Gynecol Oncol, 57: 96-104, 1995.

15. Slamon, D. J., Clark, G. M., Wong, S. G., Levin, W. J., Ullrich, A., and McGuire,

W. L. Human breast cancer: correlation of relapse and survival with amplification

of the HER-2/neu oncogene. Science, 235: 177-182, 1987.

16. DiGiovanna, M. Clinical significance of HER-2/neu overexpression: Part II. PPO

Updates 1-14, 1999.

17. Ross, J. S. and Fletcher, J. A. HER-2/neu (c-erb-B2) gene and protein in breast

cancer. Am J Clin Pathol, 112: S53-67, 1999.

18. Thor, A. D., Moore, D. H., II, Edgerton, S. M., Kawasaki, E. S., Reihsaus, E.,

Lynch, H. T., Marcus, J. N., Schwartz, L., Chen, L. C., Mayall, B. H., and et al.

Accumulation of p53 tumor suppressor gene protein: an independent marker of

prognosis in breast cancers. J Natl Cancer Inst, 84: 845-855, 1992.

19. Molina, R., Segui, M. A., Climent, M. A., Bellmunt, J., Albanelll, J., Fernandez,

M., Filella, X., Jo, J., Gimenez, N., Iglesias, E., Miralles, M., Alonso, C., Peiro,

G., Perez-Picanol, E., and Ballesta, A. M. p53 oncoprotein as a prognostic

indicator in patients with breast cancer. Anticancer Res, 18: 507-511, 1998.

19



20. Elston, C. W. and Ellis, I. 0. Pathological prognostic factors in breast cancer. I.

The value of histological grade in breast cancer: experience from a large study

with long-term follow-up. Histopathology, 19: 403-410, 1991.

21. McGuire, W. L., Chamness, G. C., and Fuqua, S. A. Estrogen receptor variants in

clinical breast cancer. Mol Endocrinol, 5:1571-1577, 1991.

22. Sahin, A. A., Ro, J. Y., el-Naggar, A. K., Wilson, P. L., Teague, K., Blick, M.,

and Ayala, A. G. Tumor proliferative fraction in solid malignant neoplasms. A

comparative study of Ki-67 immunostaining and flow cytometric determinations.

Am J Clin Pathol, 96: 512-519, 1991.

23. Kamel, 0. W., Franklin, W. A., Ringus, J. C., and Meyer, J. S. Thymidine

labeling index and Ki-67 growth fraction in lesions of the breast. Am J Pathol,

134: 107-113, 1989.

24. Thor, A. D., Liu, S., Moore, D. H., 2nd, and Edgerton, S. M. Comparison of

mitotic index, in vitro bromodeoxyuridine labeling, and MIB-1 assays to

quantitate proliferation in breast cancer. J Clin Oncol, 17: 470-477, 1999.

25. Sasaki, K., Matsumura, K., Tsuji, T., Shinozaki, F., and Takahashi, M.

Relationship between labeling indices of Ki-67 and BrdUrd in human malignant

tumors. Cancer, 62: 989-993, 1988.

26. Gerdes, J., Lelle, R. J., Pickartz, H., Heidenreich, W., Schwarting, R., Kurtsiefer,

L., Stauch, G., and Stein, H. Growth fractions in breast cancers determined in situ

with monoclonal antibody Ki-67. J Clin Pathol, 39: 977-980, 1986.

27. Iwase, H., Ando, Y., Ichihara, S., Toyoshima, S., Nakamura, T., Karamatsu, S.,

Ito, Y., Yamashita, H., Toyama, T., Omoto, Y., Fujii, Y., Mitsuyama, S., and

20



Kobayashi, S. Immunohistochemical analysis on biological markers in ductal

carcinoma in situ of the breast. Breast Cancer, 8: 98-104, 2001.

28. Wamberg, F., Nordgren, H., Bergkvist, L., and Holmberg, L. Tumour markers in

breast carcinoma correlate with grade rather than with invasiveness. Br J Cancer,

85: 869-874, 2001.

29. Veronese, S. M. and Gambacorta, M. Detection of Ki-67 proliferation rate in

breast cancer. Correlation with clinical and pathologic features. Am J Clin Pathol,

95: 30-34, 1991.

30. Gonzalez-Vela, M. C., Garijo, M. F., Fernandez, F., and Val-Bernal, J. F. MIBI

proliferation index in breast infiltrating carcinoma: comparison with other

proliferative markers and association with new biological prognostic factors.

Histol Histopathol, 16: 399-406, 2001.

31. Beenken, S. W., Grizzle, W. E., Crowe, D. R., Conner, M. G., Weiss, H. L.,

Sellers, M. T., Krontiras, H., Urist, M. M., and Bland, K. I. Molecular biomarkers

for breast cancer prognosis: coexpression of c-erbB-2 and p53. Ann Surg, 233:

630-638, 2001.

32. Ferrero-Pous, M., Hacene, K., Bouchet, C., Le Doussal, V., Tubiana-Hulin, M.,

and Spyratos, F. Relationship between c-erbB-2 and other tumor characteristics in

breast cancer prognosis. Clin Cancer Res, 6: 4745-4754, 2000.

33. Mirza, A. N., Mirza, N. Q., Vlastos, G., and Singletary, S. E. Prognostic factors in

node-negative breast cancer: a review of studies with sample size more than 200

and follow-up more than 5 years. Ann Surg, 235: 10-26, 2002.

21



34. Umekita, Y., Ohi, Y., Sagara, Y., and Yoshida, H. Co-expression of epidermal

growth factor receptor and transforming growth factor-alpha predicts worse

prognosis in breast-cancer patients. Int J Cancer, 89: 484-487, 2000.

35. Ghellal, A., Li, C., Hayes, M., Byrne, G., Bundred, N., and Kumar, S. Prognostic

significance of TGF beta 1 and TGF beta 3 in human breast carcinoma.

Anticancer Res, 20: 4413-4418, 2000.

36. DiCostanzo, D., Rosen, P. P., Gareen, I., Franklin, S., and Lesser, M. Prognosis in

infiltrating lobular carcinoma. An analysis of "classical" and variant tumors. Am J

Surg Pathol, 14: 12-23, 1990.

37. Chung, M. A., Cole, B., Wanebo, H. J., Bland, K. I., and Chang, H. R. Optimal

surgical treatment of invasive lobular carcinoma of the breast. Ann Surg Oncol, 4:

545-550, 1997.

38. Kruger, S., Fahrenkrog, T., and Muller, H. Proliferative and apoptotic activity in

lobular breast carcinoma. Int J Mol Med, 4: 171-174, 1999.

39. Frost, A. R., Karcher, D. S., Terahata, S., Siegel, R. S., and Silverberg, S. G.

DNA analysis and S-phase fraction determination by flow cytometric analysis of

infiltrating lobular carcinoma of the breast. Mod Pathol, 9: 930-937, 1996.

40. Sapino, A., Frigerio, A., Peterse, J. L., Arisio, R., Coluccia, C., and Bussolati, G.

Mammographically detected in situ lobular carcinomas of the breast. Virchows

Arch, 436: 421-430, 2000.

22



Table 1. Cases included in the analysis

Diagnosis # of cases

IDC 124

Grade 1 36(29%)

Grade 2 40 (32.3%)

Grade 3 48 (38.7%)

ILC 17

DCIS 27

High nuclear grade 16 (59.3%)

Intermediate nuclear grade 3 (11%)

Low nuclear grade 8 (29.7%)

LCIS 12

Benign 26

IDC - invasive ductal carcinoma, ILC - invasive lobular carcinoma, DCIS - ductal

carcinoma in situ, LCIS - lobular carcinoma in situ.
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Table 2. Results of PCDGF immunostaining

Diagnosis # of cases PCDGF staining

Negative Weak (1+) Moderate/Strong

(2+/3+)

Benign 26 25 (96%) 1 (4%) 0

DCIS 27 9 (33%) 8 (30%) 10 (37%)

LCIS 12 11(92%) 1(8%) 0

IDC 124 25 (20.2%) 48 (38.8%) 51(41%)

ILC 17 8 (47%) 6 (35%) 3 (18%)

IDC - invasive ductal carcinoma, ILC - invasive lobular carcinoma, DCIS - ductal

carcinoma in situ, LCIS - lobular carcinoma in situ. The differences in PCDGF

expression between benign/LCIS, and intraductal/invasive carcinomas are statistically

significant (p<0.05).
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Table 3. PCDGF staining in ductal carcinoma in situ (DCIS)

Nuclear grade PCDGF staining

of DCIS Negative (0) Weak (1+) Moderate/Strong

(2+/3+)

Low grade, 9 (56%) 7 (44%) 0

n=16

Intermediate 0 0 3 (100%)

grade, n=3

High grade, 0 1 (12.5%) 7 (87.5%)

n=8

Immunohistochemical expression of PCDGF significantly correlates with nuclear grade

of DCIS (p<0.05).
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Table 4: PCDGF staining in invasive ductal carcinoma (IDC) according to its histologic

grade

IDC grade PCDGF staining

Negative (0) Weak (1+) Moderate/Strong

(2+/3+)

Grade 1, n=36 20 (55.5%) 16 (44.5%) 0

Grade 2, n=40 5 (12.5%) 16 (40%) 19 (47.5%)

Grade 3, n=48 0 16 (33%) 32 (67%)

PCDGF expression shows significant correlation with histologic grade of IDC (p<0.05).
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Table 5. PCDGF expression and steroid receptor status in invasive carcinomas

PCDGF Total # ER+/PR+ ER+/PR- ER-/PR+ ER-/PR-

Negative (0) 32 17(53.1%) 6(18.8%) 0 9(28.1%)

Weak (1+) 54 25 (46.3%) 13 (24.1%) 0 16 (29.6%)

Moderate/Strong 55 15 (27.3%) 21(38.2%) 0 19 (34.5%)

(2+/3+)

Immunohistochemical expression of PCDGF significantly correlates with steroid receptor

status (p=0.03).
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Table 6. Comparison of PCDGF staining and p53 expression in invasive breast

carcinoma.

PCDGF staining Total # p53 expression

Negative Positive

Negative (0) 32 26 (81.3%) 6 (18.7%)

Weak (1+) 41 29 (70.7%) 12 (29.3%)

Moderate/Strong 50 28 (56%) 22 (44%)

(2+/3+)

Immunohistochemical expression of PCDGF significantly correlates with p53

reactivity (p< 0.05).
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Table 7: Comparison of PCDGF staining and c-erbB-2 expression in invasive breast

carcinoma.

PCDGF staining Total # c-erbB-2 staining

0/1+ 2+ 3+

Negative (0) 29 18 (62.1%) 5 (17.2%) 6 (20.7%)

Weak (1+) 51 28 (54.9%) 10 (19.6%) 13 (25.5%)

Moderate/Strong 53 31(58.5%) 9 (17%) 13 (24.5%)

(2+/3+)

The immunohistochemical expression of PCDGF does not statistically correlate with c-

erbB-2 status.
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Figure legends

Figure 1. Immunostaining for PCDGF in paraffin- embedded human breast tissue. A.

Strong (3+) diffuse cytoplasmic reactivity for PCDGF is seen in this invasive ductal

carcinoma. A benign duct (arrow) surrounded by tumor is negative for PCDGF. B.

Lobular carcinoma in situ shows no PCDGF expression. C. Invasive lobular carcinoma

lacking PCDGF reactivity. Benign duct (arrow) is also negative for PCDGF. D. Ductal

carcinoma in situ, high nuclear grade, solid type strongly expresses PCDGF (3+).

Figure 2. Box plot of Ki-67 index (% of positive cells) and PCDGF expression (graded

from 0 to 3+) in invasive breast carcinomas. The difference between negative/weak and

strong PCDGF expression is statistically significant (p=0.01).

30



9

S

Figure 1

a
K' "'4 <7

K>K ".7 K 

K> 

it 

K%

"4<" < * <K I
'K

4 ' ¾
*. K. 

, K 
4

A' 4#�"�&� 
. 'V

KKKKK ',*K< K *< K'� K K 
4� 

4<
* K 

'K'
K' 

-c �< <K
K.4KK K

44 K

K, .K� KKKK KKK'

t
K' '' -� 

7
K" * 

t/

K*4 K'"K

>K 
'K K �'

K K"' � "�jt"" *t
tK K K' 

K 
'KC� '*4<4

�<K < K' 
K'K*KK#

K K�' K' 44' K,' 
�' 'K'

'K � 

.4'-"K 

'K *2
� K ,W'4& 

K,,"K""'

'K
K

4 1'4 
A'

K K K K K

C
4  

"KK'
K 4K " 

K

,t*K � 
K

K.K 

KK�'K>'K"K
"K'

K' ' 
§KK'K� 

'K� K
44' 

A' K
'KKZ '�

'K4'' 'K
K>'"' 

K''

K 'K' 

'
K 

K>'Sc U



& Figure 2

z

-Co

V +

z
0

w 0

x

0 I~C -C LO I CO C''J qt M

Cm) X9PUl L9-N)


